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Abstract 
This research is devoted to study the soldering of Sn-Pb alloy on different part 
(copper, low carbon steel, brass) .the Sn-Pb alloy produced in different percentage of 
Pb and addition of Ag by casting, and show the effect on electrochemical, mechanical 
and electrical properties. The mechanical and physical properties includes 
microstructure, tensile, electrical  conductivity and electrochemical have been achieved 
for this research through tests that include microstructure test, tensile test, tafel 
Potentiostatic, electrical conductivity test, X-Ray Fluorescent Analysis (XRF).   
From results obtained in this study, a higher tensile strength  was found for 
(Sn97%+Pb1.5%+Ag1.5%) when its compared with other alloy, and the best result in 
soldering was with carbon steel because it has  higher strength compared with brass 
andcopper. The electrical conductivity result showed that the alloy 
(Sn97%+Pb1.5%+Ag1.5%) has higher electrical conductivity. 
Keyword: - Microstructure test, Electrical conductivity, Tensile test, X-Ray 
Fluorescents Analysis (XRF). 
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co 1834
(PCB)
5
fecu(NiAg6-
(Oxidation resistance)
Soldered joint)
7
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Solder (wt. %) Tm (°C) Advantages Disadvantages 
37Pb-63Sn 
 
183 
overall good 
properties 
structural coarsening; prone to 
creep 
58Bi-42Sn 
 
139 
good fluidity 
strain rate sensitivity; poor 
wetting 
96.5Sn-3.5Ag 221 
good strength, creep 
resistance 
melting point slightly too high 
49Sn-51In 
 
120 
 
good wetting 
melting point too low; poor 
ductility; expensive 
9lSn-9Zn 
 
199 
 
good strength 
poor corrosion resistance and 
wetting 
95Sn-5Sb 245 creep resistant melting point too high 
80Au-20Sn 
 
 
278 
creep resistant, 
corrosion 
resistant 
 
hard and brittle; melting point 
too high; expensive 
 مقر لودجلا(1) 
 ةقيقحلا يف صاصرلاب رحلا ماحللا صاصرلا ندعم نأ ىلا ريشت اهنوك ةثيدحلا تاساردلاو ةجرح ةلأسم دعي
[ هترخبأ قاشنتسا دنع ريبك رطخ لكشي هنا ثيح ةيمسلا يلاع9] 
9
 
 
 
 
2
2Pb   +    O2                     2PbO                                                                     
Pb    + H2SO4               PbSO4 + H2O (acid rain)                                        
PbO +2HNO3               Pb (NO3)2 + H2O (acid rain)                                  
PbO +   2HCl                PbCl2 + H2O                                                          
Solubility in water ( g\L ) 
C ) 0Temperature ( Pb 
compounds 
30.0 20.0 10.0 
- 0.041 0.035 4Pbso 
1150.0 565.0 485.0 2)3Pb(No 
26.2 9.9 6.7 PbCl 
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SnElement TinThe :
Electronic applications0C 231
β-tin) 
body centered tetragonal crystal structure
α-tin
cubic crystal structure
13°C(β-tin)α-tintin pest
13°C)
structure10
isotropic
30-75°C
thermal fatigue
mechanical strain11
12
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 BiBismuthmelting point
wetting47%
 Cu)) Copper melting point
resistance to thermal cyclic fatigue
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Experimental Work
SnPbAg
60%Sn-40%Pb
85% sn – 15% pb.
97%Sn-1.5. % Ag -1.5. % pb)
 
Chemical compositions of the solder material (all in wt. %) 
                                       
 
 
 
 
Sample Composition Sn Ag Pb 
A Sn-pb 60 - 40 
B Sn-pb 85 - 15 
C Sn-Ag-pb 97 1.5 1.5 
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 درابلا ىلع ةلفردلا زاهجب اهتلفردو كئابسلا ريضحت لحرم حضوي لكش 
The method of welding
1mm
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] زردة ةيئاهنلا ماحللا                                     ماحللا ةيلمعل ةيئاهنلا لحارملا 
 
 ةيلصوملاةيئابرهكلا Conductivity Electrical  
  
𝜎𝑣 =  
1
𝜌𝑣
=
𝐿
𝑅 ∗ 𝐴
 
Where  
 يمجحلا ليصوتلا Volumetric conductivity (Ohm.Cm)⁻¹                                                  𝜎𝑣 
 ةيمجحلا ةمواقملاΡv                                                                            Volumetric resistivity 
   كمسلاL                                                                                                      thickness (cm)  
      ةنيعلا ةحاسمA                                                                            area of the specimen    
   رطقلا فصنR                                                                      Volumetric resistance (Ohm) 
 
 يئايميكلا ليلحتلا جئاتن Chemical composition analysis 
Packaging sections using a X-Ray Fluorescence Analysis (XRF). 
Sample Pb Sn Ag 
A 47.73 51.95 - 
B 0.21 95.45 1.28 
C 15.17 83.68 - 
 
 
 
   
ماحللا ةيلمع تاوطخ 
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ا جاتنا يف ةمدختسملا داوملا تايمكو ةكيبسلل يئايميكلا ليلحتلا لثمي يلاتلا لودجل.ةكيبسلا 
-       ةيرهجملا ةينبلاMicrostructure 
 
 
 
 
 
(Eutectic with L. C.S. at interface)           
 
                                              
 
 
 
               
optical microstructure  for sample soldering  (400X), a( Eutectic with L. C.S. at interface), 
b(Filler with L. C.S. at interface), c( Eutectic with Brass at interface), d( Filler at interface). 
4.1 Mechanical Properties (tensile strength) دشلا ةمواقم 
 
Sam
ples 
Description Tensile Test (MPa) Average 
1 
Sn60%+Pb40% 
(Brass) 
155.63 
155.27 157.86 
152.33 
2 
Sn60%+Pb40% 
(Cu) 
188.77 
187.78 189.65 
184.93 
3 
Sn60%+Pb40% 
(L.C.S.) 
197.64 
201.04 201.84 
203.66 
4 
Sn97%+Pb1.5%+Ag1.5% 
(Brass) 
203.03 
203.85 207.65 
200.88 
5 
Sn97%+Pb1.5%+Ag1.5% 
(Cu) 
229.58 
229.85 
231.74 
B
C D
(Filler with L. C.S. at interface) A 
(Eutectic with Brass at interface 
interface)       
(Filler at interface). 
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228.23 
6 
Sn97%+Pb1.5%+Ag1.5% 
(L.C.S.) 
245.80 
248.97 251.73 
249.39 
7 
Sn85%+Pb15% 
(Brass) 
102.34 
106.55 105.87 
111.44 
8 
Sn85%+Pb15% 
(Cu) 
114.79 
119.38 119.04 
124.33 
9 
Sn85%+Pb15% 
(C.S.) 
132.75 
138.10 138.93 
142.63 
4
 
Sn97%+Pb1.5%+Ag1.5%)(L.C.S)
Electrical Conductivity 
(B)
Corrosion test (Polarization tests)   
Illustrates corrosion parameters (E corr., I corr.) in sea solution.                          
sample Description I corr  (μA) E corr (mV) 
A Sn60%+Pb40% 1.12 -269 
B Sn97%+Pb1.5%+Ag1.5% 1.14 -444.9 
C Sn85%+Pb15% 4.27 -446.8 
 
 
 
 
 
 
 
 
sample 
 
Description 
ρv 
(ohm) 
σv 
(Ohm.Cm)⁻¹ 
A Sn60%+Pb40% 2861.56 0.000349 
B Sn97%+Pb1.5%+Ag1.5% 1524.91 0.000655 
C Sn85%+Pb15% 2127.34 0.000470 
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Potentiostatic Polarization curve of sample (A) in seawater. Fig (1) 
 
Potentiostatic Polarization curve of sample (B) in sea water fig (2) 
 
Potentiostatic Polarization curve of sample(C) in sea water fig (3) 
 
 
 
 
 
 
  ريدصقلا رصنع ةيلاعف تلق املك لكاتلا ةمواقم دادزتSn)ظحلانو .)  يف ترهظ لكاتلل ةمواقم ىلعا نا
 ةكيبسلاC).) 
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لااتاجاتنتسConclusion:   
 ةفاضإ ( ةضفلا رصنعAg ةكيبس ىلا )Sn-Pp)دشلا ةمواقم نسحي ). 
  ىلعا نوبراكلا ئطاو ديدحلا ةحيفص ىلع ردلوصلا ماحل يف دشلا ةمواقم صاربلا ةحيفص ىلع ماحللا نم ةميق
ساحنلاو. 
 ةفاضإ ( ةضفلا رصنعAg( ةكيبس ىلا )Sn-Ppةيرارحلا ةيليصوتلا نم ديزي ). 
  صاصرلا ةبسن نا رهظي يئايميكلا ليلحتلا(Ppلكاتلا ةمواقم نم ضفخت ). 
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